Introduction
The economic growth remains important for developing and developed countries. It affects people's well-being, such as health, education, employment and quality of life. It affects also government's stability, from social and nutritional security to political stability. The recent example of the case of Arabic countries is the " Jasmine" revolution started in Tunisia. The principal reasons behind this revolution are, especially, the high rate of unemployment, the high index of corruption, the poor living conditions, the lack of democracy (free election), and the deficiency of freedoms (freedom of the expression and press).
The economic growth is positively linked with, namely, foreign trade. Many studi es are confirmed the existence of the long-run relationship between trade openness and economic growth (Michaely (1977) ; Balassa (1985 Balassa ( , 1988 ; Ahmad and Kwan (1991) ; Demirhan and Akcay (2005) ; Wadad (2012); El Alaoui (2015) ). However, this relationship can affects quality of the environment, which plays an important role in supporting all economic activities (agriculture, manufacturing and services). It contributes directly and indirectly in these activities. Directly by providing raw materials and minerals required as inputs for the production. Indirectly by providing ecosystems required as river, ocean and air.
Theoretical and empirical discussions
The theoretical foundation of the relationship between trade openness and economic growth goes back to the founders of the classical theory. In fact, Smith and Ricardo were the first to identify the advantages that can be drawn by the countries to liberali ze their trade. In the new world context, countries cannot live in autarchy. But, this situation has generated a strong pressure on the environment, El Alaoui (2015). Grossman and Krueger (1991) analyzed the environmental impact of the North American Free Trade Agreement (NAFTA) distinguishing three separate mechanisms that can affect the level of pollution and the rate of depletion of scare environmental resources. These effects are the scale, the composition and the technique effects (Grossman and Krueger, 1991, pp. 3-4) . Using a cubic function to estimate the concentration of pollutants in the air 1 , the authors found that (i) trade liberalization generates some benefits such as increased income growth which tends to alleviate pollution problems and increased specialization in sectors that cause less than average amounts of environmental damage, and (ii) "the environmental impacts of trade liberalization in any country will depend not only upon the effect of policy change on the overall scale of the economic activity, but also upon the induced changes in the intersectoral composition of economic activity and in the technologies that are used to produce goods and services", p. 36. Thus, the main finding of Grossman and Krueger (1991) are called the Environmental Kuznets Curve, noted EKC, which refers to the hypothesis of an inverted U-shaped relationship between various indicators of environmental degradation and per capita income. The EKC takes the name of Simon Kuznets (1955) 2 who hypothesized that income inequality first rises and then falls as the economic development proceeds from a certain threshold's economic growth. In the EKC, degradation of the environment increase in the early stages of the economic growth, but beyond a certain level of per capita income, which will vary for different indicators, the trend reverses, so that a high income level of economic growth leads to environmental improvement. This implies that the environmental impact indicator is an inverted U -shaped function of per capita income. Similar findings are reported by Grossman and Krueger (1995); Beckerman (1992) ; Shafik and Bandyopadhyay (1992) ; Panayotou (1993 Panayotou ( , 1997 Panayotou ( , 2003 ; Shafik (1994) ; Selden and Song (1994); and Cropper and Griffiths (1994) 3 .
Several studies have focused on relationship between international trade and environmental quality, and have confirmed that the international trade can improve the environmental quality. Accordingly, the international trade would accelerate income; so it can allow a quick passage to the ascending part of the curve. Grossman and Krueger (1991) showed that trade liberalization generates an increase in income levels, then it can strengthen the incentives for 'environmental dumping', p. 21. So they proposed that free trade can protect the environment. Lopez (1994) showed that "economic growth and 1 The pollutants in the air is measured with SO2, suspended particles and dark matter (thin smoke)) in urban areas allowing to the Global Environmental Monitoring System (GEMS) dataset as part of a study of the potential environmental impacts of NAFTA. 2 Simon Kuznets (1901 Kuznets ( -1985 was an American economist, demographer and statistician of Ukrainian origin. He won the Nobel Prize in 1971. 3 For a chronological presentation of the EKC see Stern (2004) . This author confirmed that the EKC concept was popularized through World Bank Development Report (1992). trade liberalization decrease the degradation of natural resources if and only if producers internalize their stock feedback effects on production", p. 163. He concluded that the effect of trade liberalization depends on three assumptions: (i) the manufacturing sector is protected vis-à-vis to the primary sector, (ii) the productive stock effects of the resource occur entirely in the primary sector, and (iii) the productive sector is characterized by constant returns to scale technology, (Lopez, 1994, p. 183) . Antweiler, Copeland and Taylor (2001) investigated how the openness to trading opportunities affects pollution concentrations by developing a theoretical model to divide trade's impact on pollution into scale, technique, and composition effects. The authors concluded that "free trade is good for the environment", p. 878.
The turning points 1 come somewhere between $4,000 and $5,000 per capita GDP, measured in 1985 U.S. dollars, (Grossman and Krueger, 1991, p 5) . 'Similar' results are found by Cropper and Griffiths (1992) which the turning points are $4,760 per capita income for Africa and $5,420 per capita income for Latin America. However, these points vary substantially across environmental indicators 2 . Shafik and Bandyopadhyay (1992) found that the turning points are $3,280, $1,375 and $1,375 (per capita income in 1985 U.S. dollars) for sulfur dioxides, SPM and fecal coliform, respectively.
Other studies 3 have estimated the turning point to be generally higher. The turning points vary for the different pollutants 4 , but almost in every case they occurred at an income of less than $8,000 U.S dollars in 1985, (Grossman and Krueger, 1995, p. 369) . Selden and Song's estimates are under $10,000 per-head (1985 U.S dollars). These authors tested four indicators of air pollution (SPM, SO2, NOx and CO) in their model. However, Cole, Rayner, and Bates (1997) used carbon dioxide, carbonated fluorocarbons (CFC) and halons, methane, nitrogen dioxide, sulfur dioxide, suspended particulates, carbon monoxide, nitrates, municipal waste, energy consumption and traffic volumes to examine the EKC. They have estimated the turning points for different pollutants (from a low $5,700 to a high $34,700 in 1985 U.S dollars).
The EKC has been the subject of growing criticism (Arrow et al. (1995) ; Ekins (1997) ; Torras and Boyce (1998); Perman and Stern (1999) ; Stern and Common (2001) , and Cole and Neumayer (2005) ). Some authors have confirmed that the EKC is just a utopia because the solution of environmental degradation is not related only to an economic growth and a higher income but there are several other factors can play an important role in improving our biodiversity and ecological systems such as education, quality of institution, and civil society 5 . Nevertheless, many critics have argued that the EKC suffers from severe methodological problems that cast doubt on the reliability of EKC results (Cole and Neumayer, 2005, p. 298 Shafik (1994) . 3 See for example Selden and Song (1994) , Grossman and Krueger (1995) , and Cole, Rayner and Bates (1997) . 4 They focused on four types of indicators: concentrations of urban air pollution, measures of the state of the oxygen regime in river basins, concentrations of fecal contaminants in river basins, and concentrations of heavy metals in river basins. 5 For example, Panayotou (1993) proposed that "the state of natural resources and the environment in a country depends on five main factors" ignoring/ neglecting other factors that impact economic growth. These factors are "(a) the level of economic activity or size of the economy; (b) the sectoral structure of the economy; (c) the vintage of technology; (d) the demand for environmental amenities; and (e) the conservation and environmental expenditures and their effectiveness", p. 2. rich countries have become clean up, at least partly, by exporting the dirty production of products to poorer countries. This fact may therefore explain the r eductions in local air pollution experienced in most developed countries found in many studies.
Trade and environmental situation in MATE
In MATE, economic growth differs significantly from a country to another and within the same country, Figure 1 . The best growth rates of real GDP and of real GDP per capita were recorded during the period [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] , and the highest rates were recorded in Egypt. However, Morocco grew speedily by 3.9% during the period 2010 -2013 against 3.1%, 2.8% and 2.6% in Algeria, Egypt and Tunisia, respectively. These rates are lower than those recorded in Africa (all countries combined), South Asia, Sub-Saharan Africa (SSA), East Asia and Pacific (EAP) and China. These growths were accompanied by a rapid opening 1 in all regions of the World, Table 1 . The highest trades (% of GDP) are recorded in Tunisia. Despite the highest average growths recorded in China (Figure 1 ), its trade (% of GDP) is lower than that recorded in other regions of the world.
The GDP of developing countries are more depending to trade than developed countries. During 2000-2014, Tunisia's trade presents more than 96%; it is higher than that recorded in Africa, which presents more than 80% of GDP. However, Algeria's, Egypt's and Morocco's trades are lower than that recorded in Africa; they are more than 66%, 50% and 72%, respectively.
1 The opening is the share of the sum of exports and imports of goods and services in gross domestic product (GDP). This situation is accelerated by application of many agreements especially since 2000. The annual growth of import is on its upward trend comparatively to the trend of the annual growth of export in MATE, Table 2 . Figure 2 shows that, over the period 2000-2014, the share of imports in real GDP is higher than that of exports in Egypt, Morocco and Tunisia with similar annual growth of imports and exports between 6% and 8%. However, the share of exports in real GDP is higher than that of imports in Algeria, but the annual growth of exports (7.3%) is more important than that of imports (0.7%). This situation can be explained by the structure of trade. The structure of trade in MATE is characterized by the highest share of the merchandise and the lowest export and import of information and communication technology goods (ICT) in GDP. There is a considerable divergence in this structure between MATE. The majority of the energy used in Morocco is imported. It represents more than 89% of total of the energy imports against only more than 18% in Tunisia. However, shares of the energy imported by Egypt and Algeria are negative because these countries are the exporters of these energies. The trade has an important share in GDP. Consequently, it has an important impact on economic activities. It can boost demand for transport and production, telecommunication technology, manufactured goods …. So, it can indirectly affect styles' life of citizens through the transformation in the population's behavior. The citizens can consume many goods with the best price in the market. Thus, these pressures will increase Exports of goods and services (annual % growth) Imports of goods and services (annual % growth) the environmental damage especially in the air and water. In this study, the environmental damage is measured by CO2 emissions per capita.
El Alaoui and Nekrache (2015) found that (i) Africa's emissions are lower compared to those of the World; (ii) the highest CO2 emissions per GDP are recorded in China and EAP-developing countries; (iii) CO2 emissions per capita are recorded in OECD members followed by South Africa; (iv) Egypt's emissions per GDP are more important than those recorded in Algeria, Morocco and Tunisia, and those recorded in MENA; (v) Algeria's emissions per capita are higher than those recorded in Egypt, Morocco and Tunisia, but lower than those recorded in MENA; (vi) MATE's emissions per GDP are higher than those recorded in Africa and the World, but MATE's emissions per capita are lower than those recorded in the World and more important than those recorded in Africa.
4.Methodology and results

4-1. Examination of application of EKC curve
In the first step, we estimate a quadratic function for each country over the period 1 to check the existence of inverted U-shaped function. Then, we estimate a cubic function in the second step to check if N-shaped function can explain the relationship between GDP, trade and CO2 emissions. This form is found by many authors namely Torras and Boyce (1998), List and Gallet (1999) and Bradford et al. (2005) . Therefore, two functions are applied and they are presented as follows.
A quadratic function: this function is applied to determinate the existence of an EKC, i.e. the determination of the environmental curve in the form of an inverted U, (Figure 3 .a). It is specified by the following form. 
LCO2Yit
t= '1970, 1981 … 2010' year A cubic function is applied to verify the existence of the N-form of the EKC, (Figure 3.b) . This function is presented as follows. 
t= '1970, 1981 … 2010' year Here, LCO2Y is the logarithm of the environmental degradation measured by CO2 emission per capita, LY is the logarithm of the per capita income, LOPEN is an indicator that measure the degree of openness which equal at (X+M)/GDP (X and M represent, respectively, exportation and importation), and U presents the urbanization rate because more people especially in cities involve more wastes and consumption of carburant and combustible. The term ε t is referred to the error term.
To verify the existence of EKC in equation 1, it implies that the coefficients a1 and a2 will be positive and negative, respectively, (a1> 0 and a2< 0). In that case, there is a level of real GDP per capita beyond which the environmental indicator begins to improve, the turning point (noted Ytp) which it is determined by:
). To test the N-shaped curve, a3 in equation 2 will be positive (a3>0). Investigation of the relationship between trade (measured by the degree of openness) and environmental quality is motivated by the fact that the trade can increase real income. The environment is considered as luxury and not it is an important good for economic activities and life. So, the increased income from free trade encourages country to scarify à part of its income to protect the environment (Galeotti and Lanza, 1999) . The idea behind this relationship is simple. Enrichment of population or country was accompanied by the demand for a cleaner environment. The main preoccupations, normally, for a poor country is to afford the basic necessities for their citizens, leaving any place for other concerns as environmental issues because the income is lower, but when a country becomes rich, it can scarify à part of its income to other concerns as to protect the environment. Consequently, a country tends to follow increasing pollution levels as trade openness proceeds (b1> 0), and then we can find declining pollution levels at more advanced stage of free trade (b2< 0). Table 4 summarizes the regression results for each country based on the two models mentioned above (equation 1 and equation 2). In model 1, the real GDP per capita and its square are expected signs in Algeria's (a1> 0 and a2< 0). These results can suggest that estimates of the EKC are adequate models. However, the results in cases of Morocco and Tunisia can suggest that estimates of the EKC are inadequate models despite that the coefficients attached to real GDP per capita are expected signs. These results concur with deduction of Stern (2004) which suggested that '' the majority of studies have found the EKC to be a fragile model suffering from severe econometric misspecification'', p. 1431.
In model 2, real GDP per capita in case of Morocco, its square and its cubic have expected signs but the residuals are not normally distributed (no-Gaussian). In cases of Algeria and Tunisia, the coefficients attached to these explanatory variables have not expected sings and also the residuals are not stationary and non-normally distributed. So, these variables cannot exhibit N-shaped relationships with CO2 emissions per capita. Similarly, the coefficients attached to open are not expected signs. So, the trade cannot exhibit inverted U-shaped relationship with environmental quality.
In both models, Egypt is a particular case. The models are good models but the coefficients attached to real GDP per capita, its square and its cubi c are not expected signs. Therefore, we cannot conclude that there is an inverted U -shaped function or an inverted N-shaped function with CO2 emissions per capita. The coefficients attached to open and its square have a negative and positive signs, respect ively. So, these results can expect a U-shaped curve between trade and CO2 emissions per capita (Figure 4) . The turning points are between 52% and 55% as indicator of openness. This point is The urbanization rate is linked positively and significantly to CO2 emissions per capita in both models in case of Egypt. This result means that the urbanization increases the environmental damage.
4-2. The VECM or VAR model
To define the kind of relationship between environmental quality, economic growth and trade, it is useful to test a long-run relationship using the VECM. This model involves three important steps. The first step studies the stationarity of these variables using ADF test. If the variables are non-stationary and integrated of the same ordered. Then, it is possible to move to the second step. This step uses Johansen's test to check possibility of the existence of a long-term stable relationship among these variables. To complete this analysis, it is important to study the sense of their causality with the Granger test. The third step depends on the results of the second step. If there is a relation of cointegration between the dependent and explanatory variables, then it is able to deduct the existence of a long-run dynamic relationship between these variables. But, if these variables are not cointegrated, then it is not able to deduct the existence of a long-run dynamic relationship between among variables. In this case, it is possible to check only the existence of a short-run relationship between these variables. In this case, the VAR model is applied. Therefore, under such conditions, two models will be applied for each country of MATE:
(i) If all variables are non-stationary (and interested with same order) and cointegrating vector exists, the VECM can be used as follows.
The long-run equation is:
The short-run equation is:
Where, ∆ represents the difference operator. The symbol of p is the number of lags. εt presents the stochastic error term with mean zero and a constant variance. ECM t-1 referred to the error correction term (ECT) derived from the long-run relationship.
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(ii) If the variables are non-stationary I(d) and not cointegrated, the Vector autoregression (VAR) model in the d th difference form and without the ECM can be used and estimated.
To ensure proper specification of this model, it is necessary to determine the optimum lags lengths (p), which are determined using five criterions: the Sequential modified LR test, the Final Prediction Error (FPE), the Akaike Information Criterion (AIC), the Schwarz Information Criterion (SC), and the Hannan-Quinn information criterion (HQ). The results show that the optimal lag order length is p=1 in Algeria, Egypt and Morocco, and p=2 in Tunisia. Table 5 shows that all variables of MATE are stationary in the first difference, i.e. they are integrated of order one I(1). This result suggests a stable long -run relationship between these variables. Table 5 . Stochastic properties of variables, annually series
The results of the Johansen cointegration test imply a long-run relationship between among CO2Y, LY, and OPEN in cases of Algeria and Tunisia, and a long -run association no-exist among these variables in cases of Egypt and Morocco. These r esults are reported in Table 6 . With respect to optimal lag order length, results of the cointegration test can be concluded as the long-run equilibrium between variables in cases of Algeria and Tunisia which are:
Note: _Alg is index of Algeria and _Tun is index of Tunisia We note that the VECM is validated if the coefficient attached to the error correction term (ECT) is negative and statistically significant. This term measures speed of adjustment in the long-run. In Algeria's case, ECT is negative and statistically significant. The size of coefficients of the ECT is 53.4%. In the same way, the coefficient ECT in Tunisia's case is negative and statistically significant meaning that the environmental quality is balanced in the long-run by 47.02%.
The VECM of Algeria and Tunisia not only take into consideration the impact of the long-term factors on the explication of the deviation of dependent variable but it also allows examination of the short-run impacts factors. Table 7 shows these results. Table 7 . Results of VECM estimates applied in cases of Algeria and Tunisia Notes: Standard errors in ( ). * Significant at 5% level.** Significant at 10% level. ECT is the error correction term.
To insure the directional causality between among these variables, the Granger causality test is used, All these results show that:
 In Algeria's case, the coefficient of the real GDP per capita is no t significant, meaning that the real GDP per capita cannot affect CO2 emissions per capita in the short period. In addition, the coefficient of OPEN is significant at 5% and its sign is negative. Therefore, trade is found to have a negative short -run relationship with CO2 emissions per capita. If the degree of openness (open) increases by 1%, then CO2 emissions per capita decreases by only 0.8%.
 In Tunisia's case, the coefficients of the real GDP per capita and open canno t affect CO2 emissions per capita in the short period.
 The coefficient of exogenous variable (the urbanization rate, U) is significant and its sign is positive. This positive relation varies from 0.0018 to 0.0068. In both cases, the estimated coefficients of real GEP per capita in the preceding term can increases CO2 emissions per capita. However, the estimated coefficients of the trade are not significant in the equation of LCO2.
In the last step of this study, we use the variance decompositions (VDCs) and the impulse response functions because Granger causality test is strictly limited to within-sample tests and does not show the relative magnitude of these variables. So, the variance decomposition method measures the percentage of the forecast error variance of a variable that occurs as the result of a stock from each of the variables into contributions arising from its own and the other variance of the variables. Table 10 summarizes the results of variance decomposition for MATE over a 20-year period.
In Algeria's case, the forecast error of LCO2Y is considerably explained by its own innovation by about 87% at the end of 20 years. The real GDP per capita (LY) has a weaker influence on CO2 emissions per capita (LCO2Y) after 20 years from the shocks. The variance of OPEN increases rapidly after 3th year to 18 th year approximately accounted for 12% to the total variance. In the short period, the free trade measured by open can considerably effect CO2 emissions per capita. This result coincides with the analysis of the coefficients of VECM, Table 7 .
In Tunisia's case, the variance of OPEN increases rapidly after 6th year. At the same time, GDPs share increase slowly. At the end of 20 years, the forecast error variance for CO2 emissions per capita explained by its own innovations is 22.83%, by GDP is 5.69% and by open is 71.49%. This result coincides with the analysis of the coefficients of VECM, Table 7 .
In Egypt's case, the variance of OPEN increases rapidly after 3th year. At the same time, GDPs share increase slowly as in the case of Tunisia. At the end of 20 years, the forecast error variance for CO2 emissions per capita is considerably explained by open by more than 45% and feebly explained by GDP (8.79%). In these three countries, OPEN considerably effects CO2 emission in the long-run. Furthermore, in the long-run, trade absolutely influences CO2 emission.
In Morocco's case, the variance of real GDP per capita and trade increase rapidly after 3th year. At the end of 20 years, the forecast error variance for CO2 emissions per capita is considerably explained by its own innovations by 61.56% and inconsiderably explained by GDP and open by 17.79% and 20.67% respectively. Using the Cholesky impulse functions response, Figure 5 shows how much LCO2Y would change in response to one standard deviation of innovation to LY and OPEN in each country. In Algeria's case, the response of innovation of LCO2Y to LY increases until period 2. After then, it drops and it is negative in the long-run. In the short-run, LCO2Y and OPEN have a negative relationship. Nevertheless, the response of LCO2Y to real GDP per capita and open are very closely. These results correspond to the previous results. In Tunisia's case, LCO2Y to LY and LCO2Y to OPEN have a very similar pattern. These three variables have negative relationships and there would be a positive response after period 3. This is also in line with the previous results.
Both cases Egypt and Morocco, LCO2Y to LY and LCO2Y to OPEN have positive relationships after period 2. However, these patterns will be decrease after period 4 in case of Morocco. All variables have a long-run relationship. 
Concluding remarks
Free trade is an important component of growth for developed and developing countries. But, preserving, saving and improving the environmental quality is also an important objective to realize for all countries especially for the countries of Africa. These countries are more sensible to the global environmental changes. Currently, the primordial question is: Can the capitalism become green?
This study tried to analyze the nature of the relationship between free trade, growth and environmental quality. The main findings are that this relationship is complex and ambiguous. MATE showed very different EKC patterns and a dynamic relationship is unclear. Each country must apply adequate measures to reduce environmental damage under conditions it is important to benefit experiences of the ot her countries especially the developed countries Despite there are some limitation in this study, most notable is the use of only the annual time series data on individual countries especially of the CO2 emissions per capita. It will be important if we use other indicators of the environmental damage. The methods used throughout this study (the OLS method, VECM, variance decomposition and impulse response functions) are given very different results between MATE. Thus, reducing CO2 emissions is not a straightforward solution linked with only increasing the income or improving trade because if the older pollutants are cleaned up, the new ones will emerge; thereby the environmental quality will not be reduced.
